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Blue and white Asia 
spotlights
Developments in Japan in the late 1980s 
filled the spectral gap between yellow-
orange and the ultraviolet for visible light 
emitting diodes (LEDs). Asia continues to be 
one the major production and development 
centres in pushing to higher brightness and 
higher frequency laser light.
Optoelectronic components produced in the Far 
East range from devices for the latest, leading-
edge products to low-cost commodities. The topi-
cal device is the blue laser diode aimed at high 
density optical storage (Blu-ray, HD DVD). At the 
other end, LEDs are produced in bulk throughout 
Japan, Taiwan ('Republic of China'), South Korea 
and the People’s Republic of China. Also Japan, 
as a leading developer of communications and 
networking technology, has significant invest-
ments in fibre optic component production and 
installations at the NTT telephone company and 
infrastructure suppliers such as Hitachi Cable.
Here, the focus is on the difficulties currently 
being experienced in taking optical storage to 
the next level and a partial review of the high-
brightness LED market.
Focused storage
This year sees the culmination of some ten years 
and more of development, much of it in Japan, of 
blue-violet laser diodes (LDs) with the release of 
the High Definition DVD (HD DVD) and Blu-ray 
optical storage systems. As suggested by the title 
of the first system, these pieces of equipment 
are designed to support the roll-out of High 
Definition TV (HDTV) that is taking place across 
the developed world. HDTV requires far higher 
bit rates and, for recordings, much higher storage 
densities. In addition, Sony has made the bold 
(foolhardy?) decision to build Blu-ray capabilities 
into its next PS3 Playstation games machine. 
The trouble is that the 405 nm blue-violet LD 
used in both Blu-ray and HD DVD is on the edge 
of production capabilities. Sony has postponed 
its PS3 release to November this year for the 
USA and Japan, and for the part of the world that 
uses the PAL colour television system (i.e. most 
of it in terms of population, including Europe 
and Australasia) even further back, to March 
2007. Sony explains to its disappointed fans: 
“Playstation 3 comprises many cutting-edge tech-
nologies; unfortunately, production issues with 
the blue laser diodes needed for the Blu-ray Disc 
drive at the heart of the system have forced us to 
push the European launch back.” 
A similar delay hit the Blu-ray video release, origi-
nally set for 23 May 2006 in the USA, but in the 
event taking place 25 June 2006, when Samsung 
launched its BD-P1000 (Figure 1). HD DVD made 
the first releases of 405 nm based products in 
Japan in March 2006 (Toshiba, Figure 2), with the 
USA releases in April 2006 adding some other 
products such as RCA’s HDV5000. Although the 
two systems use the same 405 nm LD, there is 
a difference in storage capacity, with HD DVD 
giving about 15 Gbytes per layer compared with 
Blu-ray’s 25 Gbytes. The difference results from 
a thick protection layer used in HD DVD, along 
with other features such as a less stringent laser 
spot focus. These larger densities compare with 
DVD’s 5 Gbytes and CD’s 700–800 Mbytes.
Low reliability has been at the root of the prob-
lems in developing the 405 nm LD. Such devices 
are based on III-nitride semiconductors. The 
original 1995 research used the GaN on sapphire 
system, used for producing blue-green LEDs, 
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Figure 1. Samsung’s BD-
P1000 Blu-Ray DVD Player. 
Blu-ray is one of the next-
generation optical storage 
systems using 405 nm wave-
length light from a blue-violet 
GaN-based laser diode to 
read data.
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developed the technology in the late 1980s.[1,2]
However, dislocations resulting from the large 
lattice mismatch between sapphire and GaN 
hit device reliability so much that 40 minutes is 
regarded as a ‘long lifetime’ for room-temperature 
continuous-wave operation of InGaN multi-quan-
tum-well laser diodes.[3]
One can reduce dislocation levels in GaN on 
sapphire by using regrowth techniques such as 
epitaxial lateral overgrowth (ELO) and PENDEO-
epitaxy. These methodologies result in some 
improvement in LD lifetimes, but are expensive 
and time consuming. Some regions of ELO 
wafers have dislocation densities of the order 
105–106/cm2, compared with 108–1010/cm2 for 
untreated GaN/sapphire. An alternative approach 
has been to grow pure GaN crystal, either sepa-
rated from the sapphire (free-standing) or from 
scratch. Defect densities in pure GaN substrates 
have been reduced to ~105/cm2.[4] Further, the 
low dislocation regions are far wider in pure 
GaN (~150 µm) compared with ELO/sapphire 
(~6 µm). The trend has therefore been to move 
to pure/freestanding GaN rather GaN/sapphire, 
despite the expense and difficulty of production, 
hitting volumes.
Since 2002, Sony has worked with nitride 
semiconductor pioneer Nichia in producing 
blue-violet LDs and has licensed Nichia’s tech-
nology for its own production. In 2004, these 
companies described systems for coupling light 
from different wavelength LDs to support dual 
DVD/Blu-ray systems (Figure 3). While demand 
for the high-density HD DVD and Blu-ray optical 
storage systems are still at the ‘enthusiast’ level, 
the problem for Sony’s PS3 is that it has mass 
appeal and LD production has had to be scaled 
up from thousands to millions of units 
if the company is to keep its promises to its 
fans. As with other areas of semiconductor 
manufacturing, yields are often hit when scaling 
up to high-volume.
Given these problems, it is not surprising that 
most LD production is locked into contracts. 
Sanyo is a rare example offering 405 nm LDs 
on a merchant basis. Although Toshiba does not 
seem to currently offer devices on an open basis 
(and probably is using Nichia LDs), it has devel-
oped InGaN-based multi-quantum-well LDs with 
ridge waveguide structures on GaN substrates 
(Figure 4) with its HD DVD products in mind.[5]
The threshold current is given as 39 mA, with an 
operating current of 73 mA delivering 50 mW 
output. Although Samsung has carried out some 
GaN LD research, the company seems to have 
left the laser diode market altogether (including 
those for DVD/CD).
Solid-state lighting
Another strand of nitride-based light emitting 
device development is full-range visible light 
sources. The wider bandgap of nitride semi-
conductors filled the wavelength gap between 
the common red-orange-yellow LEDs based on 
AlGaAs and GaAsP and the non-visible near ultra-
violet region. Further, shorter wavelength sources 
can be used in combination with phosphors to 
create longer wavelengths. 
One common technique is to use a yellow-YAG:Ce 
phosphor in combination with a blue LED (Figure 
5), a technique invented by one of the main nitride 
semiconductor industrial pioneers, Japan’s Nichia 
Corporation. The complementary blue and yellow 
produce light that appears white to the human 
eye. The YAG phosphor conversion efficiency is 
large so that not much light energy is lost in the 
process. Such two-colour devices are used as LCD 
backlights in mobile phones and PDAs. As better 
white LED sources become available, this will 
expand into larger and larger LCD screens. 
Figure 2. Toshiba is focused on supplying High Definition 
DVD (HD DVD), the other main next-generation 405 nm 
optical storage system.
Figure 3. Construction and 
image (inset) of Sony/Nichia 
660 nm and 405 nm compat-
ible dual wavelength laser 
coupler (basic prototype).
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Other techniques tried for creating white light 
include combining red, green and blue LEDs 
directly, but complications arise from the differ-
ent operating voltages needed and the varying 
output intensities available. Three colour LED 
devices using multiple phosphors have improved 
colour-rendering qualities but the output effi-
ciency is low. Unlike the situation with LDs, LEDs 
tend to be more reliable than competing tech-
nologies with lifetimes of the order 10,000 hours 
compared with 1000 hours for a 54 W incandes-
cent bulb and 6000 hours for a fluorescent tube.
Strategies Unlimited puts the 2005 market for 
high-brightness LEDs at $3.9bn, an increase 
of 6.2% on 2004. The growth rate has slowed 
on previous years, reflecting saturation of the 
mobile phone application where LEDs are also 
used to light up keypads, etc. Annual growth 
rates for the period 2001-2004 averaged at 46%. 
Strategies Unlimited also subtracts the mobile 
phone use (estimated at 52% of the total) from 
2005’s figures to give a larger, estimated 18%, 
growth for other applications.
In 2003, some 23 companies from Taiwan, South 
Korea and mainland China constituted 80% 
of the unit production of red-orange-yellow 
(InGaAlP-based) LEDs, according to Strategies 
Unlimited. The figure was 40% for blue and 
green (GaN-based) chips. In units, the Asia Pacific 
23 produced 13.4bn red-orange-yellow and 
3.4bn blue and green LED chips. At Strategies 
Unlimited’s 2006 ‘Strategies in Light’ conference, 
Epistar president Biing-jye Lee suggested that the 
unit figure for red-orange-yellow LEDs for 2005 
was still of the order 80%, but that for blue-green 
the level had edged up to 45%. 
The Taiwan production of LEDs has been going 
through a process of consolidation in the past 
year or two, with Epistar gobbling up a number 
of smaller companies. Last year, it 'merged' 
with United Epitaxy Company (UEC) and late 
September this year it took on Epitech and 
Highlink. These companies produce chips from 
scratch. There are, in addition, a huge number of 
companies in Taiwan (and China) that buy mer-
chant wafers or bare die and package them. The 
company settled a patent dispute with Nichia in 
April 2006, promising that it would respect the 
Japanese company’s intellectual property rights. 
Since 2004, Epistar has also been licensed to 
use technology described in patents owned by 
Lumileds. Epistar manufactures both AlGaInP and 
nitride LEDs, and holds more than 50 patents 
relating to its products. 
The total Asia region revenue for merchant epi-
taxial wafers and chips amounted to $403m in 
2003. The majority of these units are 'low per-
formance'. However, these producers in the low 
to medium performance market are looking to 
compete against the advanced producers Nichia 
(Nakamura’s old company), Cree, Toyoda Gosei 
(another Japanese GaN pioneer ‘under the guid-
ance of Dr. Isamu Akasaki and with assistance 
from Toyota Central R&D Labs’), Osram Opto 
Semiconductors and Philips Lumileds Lighting. 
Nichia and Toyoda Gosei have had a cross-licens-
ing agreement in place since 2002. This year 
Toyoda Gosei and Philips Lumileds also struck 
a patents agreement. In addition, cross-licensees 
with Nichia include US and European companies 
Cree, Osram and Lumileds.
Toyoda Gosei’s early connection with Toyota in 
the 1980s on LED development indicates another 
major application − that to the automotive industry. 
Figure 4. Schematic of 
Toshiba’s InGaN-based multi-
quantum-well LD with ridge 
waveguide structure on GaN 
substrate.
Figure 5. Schematic of white 
LED using a yellow-YAG:Ce 
phosphor in combination with 
a blue LED.
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In 1988, Toyota introduced an LED-based, centre, 
high-mounted, stop lamp in the Nissan 280Z. Even 
before this, low-brightness LEDs had been used 
on automotive instrument panels. The stop lamp 
application reflects the relative ease with which 
high-brightness red AlGaAs LEDs can be produced. 
Strategies Unlimited estimates that some 40% of all 
automobiles and light trucks produced worldwide 
now use LEDs for this application. More recently, 
orange indicator signals have been added to the 
LED arsenal using InGaAlP technology, at least in 
the high-end car market. Headlamp applications, 
where white-light LEDs are needed, are expected 
to start in 2007. As is usual in such matters, what 
starts as a high-end luxury eventually moves out 
into the mid-range and economy markets. Traffic 
lights are another leading application. A particular 
attraction here is the long lifetime of the technol-
ogy and the lower energy consumption compared 
with incandescent systems. These have only 
become possible with the availability of GaN-based 
green LEDs.
Being the pioneer for nitride-semiconductor 
light emitters from the late 1980s, Japan was 
also among the first to initiate research towards 
solid-state lighting systems in 1998 when the 
Japan Research and Development Centre of 
Metals set up a five-year national project 'The 
Development of Compound Semiconductors 
for High Efficiency Optoelectronic Conversion' 
(also known as 'Light for the 21st Century'). The 
project involved 13 companies and universi-
ties and aimed at what appears in hindsight to 
have been a wildly optimistic energy efficiency 
of twice that of traditional fluorescent lamps 
through the use of GaN-based blue and ultra-
violet LEDs. Fluorescent efficiency is still a year 
or two off. Since then, the project has been 
extended to a second phase aiming at 120 lm/W 
by 2008 and the Japan LED Association (JLED) 
was established in 2004 to promote technology 
development and standards.
Japan is also looking to medical applications on 
the basis of InGaN-based white LED technology 
at the Yamaguchi-Ube Medical Innovation Centre 
(YuMIC). One goal is to develop interior lighting 
for medical applications using white high bright-
ness LEDs (HB-LEDs). More than 20 companies 
and several universities participate in the project. 
Among the applications developed is the use of 
an orange-yellow-green-blue fluorescent phos-
phor-type ultraviolet powered LED (305 nm) 
attached to the tip of a gastro-endoscope.[6] The 
equipment still needs development since the 
illumination is not sufficient to image the whole 
stomach and the end of the endoscope is an 
uncomfortable 12 mm (the prototype experi-
ments were carried out on a beagle dog). 
Taiwan spent $45m up to 2003 on a five-year
‘White LED Project’ and a further $12m 
Figure 6. Taiwan company 
Primo Lite uses Lumileds’ 
Luxeon emitters in its lumi-
naries, here seen in a city 
landscape from Xian, Shaanxi 
Province, China. The com-
pany’s manufacturing cen-
tre, Primo Opto Electronics 
(Shanghai), was set up in 
Shanghai, China, in June 
2003. The factory is wholly-
owned by Primo Lite, Taiwan.
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between 2003 and 2005 on a 'Next Generation 
Lighting' project to achieve 50 lm/W output 
products and 100 lm/W laboratory devices. The 
latter work involved a consortium of 11 compa-
nies. Mainland China is also developing lighting 
technology. The $12m 'Semiconductor Lighting 
Project' aims to develop four industrial bases 
for solid-state lighting with government sup-
port in Xiamen city (Fujian province), Shanghai, 
Dalian (Liaoning province), and Nanchang 
(Jiangxi province). 
Finally, South Korea’s Photonics Technology 
Institute (KOPTI) is working on LED develop-
ments. In addition, Korea has an initiative funded 
at about $20m per year aiming to produce an 
80 lm/W white LED by 2008. Beyond 2008, Korea 
is looking to 130 lm/W by 2013.
Typical outputs from incandescent bulbs are 
of the order 15 lm/W, and halogen bulbs more 
than 20 lm/W, while fluorescent tubes can 
deliver in the range 50–100 lm/W. LED illumina-
tion is expected to reach fluorescent efficiency 
in the next year to 18 months. Nichia has devic-
es approaching 60 lm/W (NS6). Laboratory 
devices have reached 80 lm/W and develop-
ment of commercial products in volume “is 
advancing quickly”, according to Dr Robert 
V. Steele of Strategies Unlimited. However, to 
produce a product comparable to a fluores-
cent, one probably needs 100 lm/W to handle 
power conversion from AC supplies to DC LED 
drive currents. Also, LED characteristics are usu-
ally determined at 25°C junction temperature, 
which requires cooling. Performance degrades 
under un-cooled conditions with junctions typi-
cally operating at 40°C.
Recent news in the white LED market impacting 
Asia includes the September 2006 announce-
ment of Royal Philips Electronics that it was set-
ting up a high power LED production facility in 
Singapore under its Lumileds company. Initial pro-
duction is expected to start in Q1 2007, ramping 
up to double Philips’ total power LED production 
capacity by the end of 2007. This investment is 
part of a strategy designed to strengthen Philips 
Lighting’s ‘leadership position’ in the power LED 
market. The plant will employ about 900 people 
at full capacity, producing the LUXEON range of 
LEDs in high volume. Target applications include 
‘city beautification’ lighting (Figure 6), LCD dis-
plays, camera flash for mobile phones, and auto-
motive. Philips Lighting expects annual growth of 
25% in the power LED market over the coming 
years. The company’s most energy efficient prod-
uct, the Luxeon K2 emitter (Figure 7), produces 
around 40 lm/W. 
A final interesting development is that a small 
number of Taiwan companies are packaging a 
number of bare die in multi-package LED assem-
blies rather than combining packaged devices. 
Such a technique could have advantages when 
bright illumination is the aim. However, where 
beam shaping is necessary, single-packaged LEDs 
are likely to continue as the preferred medium.
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Figure 7. Lumileds’ Luxeon K2 
emitter.
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